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(54) PLASMA TREATMENT DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plasma treatment device having good 
uniformity. 

SOLUTION: This plasma treatment device is equipped with a vacuum chamber 2+3 in 
which a plasma space 5 is formed, a plurality of induction coupling elements 21-24 
installed at the vacuum chamber, and a power supply means 2 to impress a high 
frequency wave on these coupling elements, wherein the arrangement further includes 
power adjusting means 40-48 which are installed in or on the high frequency line and 
adjust the power distributed to the elements 21-24 and mutual interference reducing 
means 32-34 installed or formed between the elements 21-24. Through reduction of 
mutual interference of the elements and heightening of the independency, the 
controllability in each local place for the electromagnetic field distribution is enhanced 
and the plasma density distribution in the plasma space 5 is made uniform. 
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* NOTICES * 

JPO and INPXT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the plasma treatment equipment possessing an electric power supply means to impress a 
RF to the vacuum chamber in which plasma space was formed, two or more inductive-coupling 
components attached to this vacuum chamber, and the inductive-coupling component of these 
plurality Plasma treatment equipment characterized by having the power adjustment device which 
adjusts the power which is formed to the line of said RF and distributed to said two or more 
inductive-coupling components, and the mutual-intervention relief means established or formed 
among said two or more inductive-coupling components. 

[Claim 2] Said mutual-intervention relief means is plasma treatment equipment according to claim 1 
characterized by being the extension of said plasma space which extended among said two or more 
inductive-coupling components. 

[Claim 3] Plasma treatment equipment indicated by claim 1 or claim 2 characterized by having a 
power distribution condition detection means to detect the distribution condition about the power 
supplied to said plasma space. 

[Claim 4] Said power adjustment device is plasma treatment equipment according to claim 3 
characterized by being what adjusts power based on detection of said power distribution condition 
detection means. 

[Claim 5] Said power adjustment device is plasma treatment equipment indicated by any of claim 1 
characterized by being what carries out adjustable [ of the inductance of the line of said RF ] thru/or 
claim 4 they are. 

[Claim 6] Said power distribution condition detection means is the pick up coil wound around the 
line of said RF, the high-tension probe connected to the line of said RF, the spectroscope installed 
towards said plasma space, and plasma treatment equipment according to claim 3 characterized by 
including any or one or more among the thermocouples laid underground or attached to said vacuum 
chamber. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It is related with suitable plasma treatment equipment for this invention to 
perform plasma treatment, such as etching, membrane formation, and ashing, in the production 
process of high degree of accuracy, such as IC and LCD. 
[0002] 

[Description of the Prior Art] The plasma treatment equipment which showed the verticval mimetic 
diagram of an important section to drawing 9 (a) is equipped with the vacuum chamber which 
consists of the vacuum chamber body section 2 and vacuum chamber covering device 3 grade and by 
which the plasma treatment space 5 (plasma space) was formed in the interior, the coil unit 10 
attached to this vacuum chamber, and the RF power source 12 (electric power supply means) which 
impresses a RF to the coil 1 1 (inductive-coupling component) of this coil unit 10. Penetration 
opening 2a, penetration opening 2b, etc. are formed in the vacuum chamber body section 2, and the 
vacuum pump 6 which secures the vaccum pressure suitable for plasma maintenance, respectively, 
the gas unit which supplies the proper raw gas which plasma treatment takes and which is not 
illustrated are connected. Although the cathode section 4 which **** a processed material 1 is 
installed in the plasma treatment space 5 in a vacuum chamber, this cathode section 4 is connected to 
the RF power source 7 through blocking capacitor 7a while it is supported by support 4a implanted 
in the inner bottom of the vacuum chamber body section 2. 

[0003] And a processed material 1 is carried in on the cathode section 4 through penetration opening 
with the gate which is not illustrated, if a RF is impressed to a coil 1 1 from the RF power source 12, 
the gas of the plasma treatment space 5 will be excited by the alternation electromagnetic field 
emitted from the coil 1 1, and the plasma will be generated and formed [ then, ] of it in the place 
where the plasma treatment space 5 reached predetermined gas pressure etc. In this way, the top face 
of a processed material 1 is put to the plasma, and plasma treatment to a processed material 1 is 
performed. An anisotropy will be given to plasma treatment if the RF power source 7 is also worked 
in that case. 

[0004] In order to raise the homogeneity about such plasma treatment, while constituting the coil 
unit 10 from two or more coils 1 1, the plasma treatment equipment which connected the variable 
capacitor 13 to each of each coil as a current adjustment means is also known (refer to JP,8- 
50998,A). This also tends to obtain equalization of flux density distribution by adjusting the current 
which flows in each coil 1 1 while raising flux density by the parallel connection of two or more 
coils. 

[0005] And as it is, the potential line 14, such as being generated to the plasma treatment space 5, 
when generating the plasma, and flux density distribution become uniform (refer to drawing 9 (b)). 
However, after the low-temperature plasma 15 occurs to the plasma treatment space 5, situations 
differ. It becomes difficult to often secure the homogeneity of the plasma treatment of the low- 
temperature plasma 15 which the plasma high concentration section 16 arose on - part in part (refer 
to drawing 9 (c)), consequently balanced the uniformity of equipotential-line 14 grade. 
[0006] 

[Problem(s) to be Solved by the Invention] Of course, it is also possible to perform further 
adjustment about the current of each coil using a current adjustment means so that the local plasma 
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high concentration section may be controlled. However, with the conventional plasma treatment 
equipment mentioned above, by piling up mutually the electromagnetic field emitted from each coil 
with which installation locations differ, since the uniformity of the electromagnetic field in plasma 
treatment space is acquired, the electromagnetic field from each coil interfere and suit mutually in 
plasma treatment space inevitably. 

[0007] On the other hand, there is a special feature that it becomes still deeper [ the plasma high 
concentration section ] since the degree of an electromagnetic coupling is high, and plasma density 
distribution becomes in spots as the high concentration section with much ion to the plasma. For this 
reason, only by adjusting the current of a coil close to the plasma high concentration section, the 
electromagnetic field from other coils, such as a contiguity coil, remain, that energy is absorbed, and 
the plasma high concentration section is maintained. But in having adjusted the current about two or 
more coils in which it may interfere, surely, although the plasma can be made hard to generate in 
these coil neighborhood, since it becomes easy to generate the plasma conversely around it, it means 
that the plasma high concentration section moved as a result, and homogeneity does not improve at 
all. 

[0008] Then, it faces supplying energy to the plasma using two or more inductive-coupling 
components, and it becomes a technical technical problem in pursuing the uniformity of 
electromagnetic field how the uniformity coefficient of advanced plasma density distribution 
difficult to get is secured. This invention is made in order to solve such a technical problem, and it 
aims at realizing homogeneous good plasma treatment equipment. 
[0009] 

[Means for Solving the Problem] About the 1st thru/or 6th solution means invented in order to solve 
such a technical problem, the configuration and the operation effectiveness are explained below. 
[0010] [the 1st solution means] — the plasma treatment equipment of the 1st solution means — (— the 
time of application — being according to claim 1 — it needs — ) — with the vacuum chamber in which 
plasma space was formed In the plasma treatment equipment possessing an electric power supply 
means to impress a RF to two or more inductive-coupling components attached to this vacuum 
chamber, and the inductive-coupling component of these plurality It has the power adjustment device 
which adjusts the power which is formed by insertion, addition, etc. to the line of said RF, and is 
distributed to said two or more inductive-coupling components, and the mutual-intervention relief 
means established or formed among said two or more inductive-coupling components. 
[001 1] When the power of an inductive-coupling component close to the plasma high concentration 
section is adjusted since the mutual intervention of inductive-coupling components is prevented and 
mitigated by inclusion of a mutual-intervention relief means if it is in the plasma treatment 
equipment of such 1st solution means, since there is no effect from other inductive-coupling 
components, such as a contiguity component, or since it is few, the energy amount of supply to the 
plasma high concentration section is extracted promptly. The energy supply from other inductive- 
coupling components is continued without on the other hand almost being influenced by the local 
power adjustment to the plasma with low concentration, such as the surroundings of the high 
concentration section. 

[0012] Thus, since its controllability for every part to electromagnetic-field distribution improves 
even if some uniformity of electromagnetic-field distribution is lost, and generating of the local 
plasma high concentration section can be exactly controlled by having mitigated the mutual 
intervention of two or more inductive-coupling components, and having raised the independence, the 
plasma will be distributed over plasma space by the uniform consistency. Therefore, according to 
this invention, homogeneous good plasma treatment equipment is realizable. 
[0013] [the 2nd solution means] — the plasma treatment equipment of the 2nd solution means — (— 
the time of application — being according to claim 2 — it needs — ) ~ it is plasma treatment 
equipment of the 1st above-mentioned solution means, and said mutual-intervention relief means is 
characterized by being the extension of said plasma space which extended among said two or more 
inductive-coupling components. 

[0014] If it is in the plasma treatment equipment of such 2nd solution means, the energy of the 
electromagnetic field which had propagation interrupted is absorbed by the plasma in the extension 
of the plasma space by the extension of a mutual-intervention relief means, i.e., plasma space. By 
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this, all will be mostly supplied to the plasma, without wasting the power impressed to the inductive- 
coupling component with a mutual-intervention relief means. Therefore, according to this invention, 
in addition to homogeneity, plasma treatment equipment also with sufficient energy efficiency is 
realizable. 

[0015] [the 3rd solution means] — the plasma treatment equipment of the 3rd solution means — (-- 
the time of application — being according to claim 3 — it needs — ) — it is plasma treatment 
equipment of the above 1st and the 2nd solution means, and is characterized by having a power 
distribution condition detection means to detect the distribution condition about the power supplied 
to said plasma space. 

[0016] [the 4th solution means] — the plasma treatment equipment of the 4th solution means — (— 
the time of application — being according to claim 4 ~ it needs --) — it is plasma treatment 
equipment of the 3rd above-mentioned solution means, and said power adjustment device adjusts 
power based on detection of said power distribution condition detection means. 
[0017] If it is in the plasma treatment equipment of the such 3rd and 4th solution means, and the 
local high concentration section arises to plasma space, degree of coupling with an inductive- 
coupling component close to there and there will increase, the power to the inductive-coupling 
component will increase, but while change of the power distribution condition is detected by the 
power distribution condition detection means, based on the detection, the distribution power to two 
or more inductive-coupling components is adjusted by the power adjustment device. 
[0018] Thereby, the power to each inductive-coupling component is adjusted by fluctuation of a 
local plasma consistency in each place so that fluctuation of pair Perilla frutescens (L.) Britton var. 
crispa (Thunb.) Decne. may be offset and eased, and suitable feedback control starts it automatically. 
Then, even when it originates in a class, fluctuation with gas pressure sudden to a flow rate pan etc. 
or an intentional change of raw gas, etc. and the condition of the plasma changes, the uniformity of 
the plasma will be secured certainly. Therefore, according to this invention, homogeneous good 
plasma treatment equipment is realizable. 

[0019] [the 5th solution means] ~ the plasma treatment equipment of the 5th solution means — (— 
the time of application — being according to claim 5 — it needs — ) ~ above-mentioned the 1- it is 
plasma treatment equipment of the 4th solution means, and said power adjustment device carries out 
adjustable [ of the inductance of the line of said RF ]. 

[0020] If it is in the plasma treatment equipment of such 5th solution means and adjustable [ of the 
inductance ] is carried out, about a current and applied voltage which flow for the inductive-coupling 
component connected to the line will also change. Thereby, adjustment of power is performed. 
[0021] [the 6th solution means] — the plasma treatment equipment of the 6th solution means — (— 
the time of application — being according to claim 6 — it needs — ) — It is plasma treatment 
equipment of the 3rd above-mentioned solution means. Said power distribution condition detection 
means Any or one or more is included among the pick up coil wound around the line of said RF, the 
high-tension probe connected to the line of said RF, the spectroscope installed towards said plasma 
space, and the thermocouple laid underground or attached to said vacuum chamber. 
[0022] If it is in the plasma treatment equipment of such 6th solution means and the local high 
concentration section arises to plasma space, change of the plasma state will be detected by the 
spectroscope based on change of plasma luminescence accompanying it. Moreover, based on change 
of the plasma temperature distribution accompanying it, change of the plasma state is directly 
detected, even if it uses a thermocouple. Furthermore, since change of the power distribution 
condition to each inductive-coupling component is induced by change of the degree of coupling of 
the plasma high concentration section and the inductive-coupling component accompanying it, 
change of the plasma state is indirectly detectable based on this also measuring the current of the 
high frequency line to each inductive-coupling component using the pick up coil, and by measuring 
the electrical potential difference of the high frequency line to each inductive-coupling component 
using a high-tension probe. 
[0023] 

[Embodiment of the Invention] About the plasma treatment equipment of this invention attained with 
such a solution means, the following 1st and 2nd example and 1st and 2nd modification explain the 
gestalt for carrying this out. The 2nd example which the 1st example shown in drawing 1 and 
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drawing 2 embodied the above-mentioned 1 st, 3rd, and 4th solution means, and was shown in 
drawing 3 and drawing 4 The 1st modification which embodied the above-mentioned 2nd, 3rd, and 
4th solution means, and was shown in drawing 5 embodies the above-mentioned 5th solution means, 
and the 2nd modification shown in drawing 6 embodies the above-mentioned 6th solution means. 
[0024] 

[The 1st example] About the 1st example of the plasma treatment equipment of this invention, the 

concrete configuration is quoted and a drawing is explained. Drawing 1 (a) is the verticval mimetic 

diagram of the body, and supports conventional drawing 9 (a). Moreover, drawing 1 (b) makes 

slanting the inductive-coupling component and mutual-intervention relief member of them, and is a 
**** pjg 

[0025] This plasma treatment equipment possesses (the drawing 1 (a) reference), the vacuum 
chamber body section 2 in which the plasma space 5 was formed as usual and the vacuum chamber 
covering device 3 (vacuum chamber), the coils 21-24 (two or more inductive-coupling components) 
attached to this vacuum chamber, and the RF power source 12 and matching box 12a (electric power 
supply means) which impresses high frequency to the inductive-coupling component of these 
plurality. Moreover, the cathode section 4 installed in the plasma treatment space 5, the RF power 
source 7 connected to the cathode section 4, the vacuum pump 6 connected to penetration opening 2a 
of the vacuum chamber body section 2, etc. are formed as usual. 

[0026] On the other hand, it is different from (the drawing 1 (a) reference) and the former in that 
replace with a variable capacitor 13 to the line of the high frequency from the RF power source 12 to 
coils 21-24 as the point that the metal rings 31-34 (mutual-intervention relief means) are formed 
among coils 21-24, and the power distribution control circuits 40-48 (power adjustment device) are 
introduced (refer to drawing 1 (a) and (b)). Moreover, coils 21-24 are different from the former at the 
point which has the configuration which arranges in order and can be installed in order to enable 
insertion of metal ring 31 grade, and size relation with the point of being divided and prepared in 
plurality although it is the same as usual. 

[0027] When processing the processed material 1 of square shapes, such as a liquid crystal substrate, 
the body is mostly formed in the shape of a rectangle, but this plasma treatment equipment explains 
mostly a round-head configuration and the case where it is formed cylindrical and annularly, in order 
to process the round processed materials 1, such as a silicon wafer for IC, here (refer to drawing 1 
(b)). Processing formation of the vacuum chamber body section 2 is carried out from metals, such as 
aluminum, so that touch-down of the surroundings of the plasma treatment space 5 may be possible, 
but the vacuum chamber covering device 3 is made from insulating members, such as a ceramic with 
a high dielectric constant, in order to spread efficiently the alternation electromagnetic field sent out 
from the coils 21-24 of a chamber outside to the plasma treatment space 5 of the chamber inside. 
[0028] In order that the cathode section 4 may also give the function of an electrode, good 
conductors, such as a metal, are processed and it is formed, but insulating processing is also 
performed while a top face is finished evenly, in order to **** the processed materials 1, such as a 
wafer. A rotary pump, a mechanical booster, etc. are used based on the degree of vacuum which 
needs a vacuum pump 6. In addition, as raw gas supplied to the plasma treatment space 5 through 
penetration opening 2a of the vacuum chamber body section 2, the thing which made reactant gas, 
such as CF system gas and silane gas, mix the dilution gas of optimum dose is supplied. 
[0029] The output power is an adjustable thing and a thing with a frequency of 400kHz - 20MHz is 
well used so that the RF power source 7 can adjust the bias voltage used as the source of the 
anisotropy of plasma treatment. Output power is an adjustable thing too and the RF power source 12 
of the maximum output power is large because of excitation of the plasma, and maintenance. 
Moreover, the frequency is set to 5MHz - 510MHz in many cases. In addition, this was also 
illustrated in order that it might clarify the line of the RF from the RF power source 12 to coils 21- 
24, although matching box 12a is prepared along with the RF power source 12 for reduction of 
useless reflective power etc. 

[0030] Coils 21-24 are circle-like coils of the different diameter which a path increases to the order, 
and are put in order and installed in concentric circular from an inner circumference side within the 
coil unit 20 to a periphery side. The vacuum chamber covering device 3 is equipped with the coil 
unit 20 from a chamber outside like the coil unit 10. The metal rings 31-34 consist of good 
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conductors, such as aluminum, so that touch-down may be possible also for (the drawing 1 (b) 
reference) and any, and a path is formed in a tube-like object and an annular solid with size ****** 
in general equal [ height ]. It is made smaller than a coil 21, the path of the metal ring 32 is made 
into the medium of coils 21 and 22, the path of the metal ring 33 is made into the medium of coils 22 
and 23, the path of the metal ring 34 is made into the medium of coils 23 and 24, and the metal ring 
31 is inserted in between coils 21-24 by turns on the occasion of wearing to the coil unit 20, 
respectively. 

[0031] In case (the drawing 1 (a) reference) and the power distributed to each coils 21-24 are 
adjusted, in order to succeed in suitable adjustment by feedback control, the power distribution 
control circuits 40-48 The current detecting elements 41-44 (power distribution condition detection 
means) which detect the distribution condition about the power supplied to the plasma space 5, The 
feedback control section 40 (the amount operation means of power distributions) which computes 
the amount of power distributions suitable for controlling partial fluctuation of a plasma consistency 
based on the detection value, While having the wire-length variant parts 45-48 which carry out 
adjustable [ of the power to each coils 21-24 ] according to the calculation value and detecting the 
distribution condition of the supply voltage to plasma space, power is adjusted based on the 
detection. 

[0032] Although explained in full detail in the column of the 2nd next modification, the current 
detecting elements 41-44 are formed to each line from the RF power source 12 to coils 21-24 
through matching box 12a, and all detect the current of an applicable line and they notify them to the 
feedback control section 40. Although the wire-length variant parts 45-48 are explained in full detail 
in the column of the 1st next modification, it is prepared to the installation line of the current 
detecting elements 41-44, respectively, and carries out adjustable [ of the current and electrical 
potential difference of an applicable line ] because all change the inductance of an applicable line. In 
addition, since a wire-length variant part is for changing the rate of a power partition ratio to each 
line of a RF, the wire-length variant part 48 to the line of the current detecting element 44 is 
omissible. 

[0033] Since the feedback control section 40 consists of an arithmetic circuit and control circuits, 
such as a microprocessor, and suitable control of many input system is borne Proper system control 
functions, such as a regulator, an observer, etc. based on winner HOFUFIRUTA, a Kalman filter, 
etc., are provided, or two or more PID-control means of a single input etc. are possessed. By this 
Continuously, while inputting the current detection value from the current detecting elements 41-44 
Based on that detection value, the power distribution condition in that event is presumed, the gap 
from the suitable amount of target power distributions to each coils 21-24 etc. is computed, and 
actuation control of the wire-length variant parts 45-48 is performed according to this calculation 
value. In addition, the amount of target power distributions is good to set common initial value that 
the space consistency of the power sent out in the plasma treatment space 5 is equalized from each 
coils 21-24, and to tune finely by surveying for each equipment of every. 

[0034] About the plasma treatment equipment of this 1st example, that activity mode and actuation 
are quoted and a drawing is explained, (a) and (c) show the distribution condition of electromagnetic 
field, and (b) and (d) show the distribution condition of the plasma. [ drawing 2 ] [ the operating 
state ] [ a ** type ] 

[0035] In order to perform plasma treatment to a processed material 1, the gate which is not 
illustrated probably is opened, a processed material 1 is carried in in a vacuum chamber (2+3) from 
there, and it carries on the cathode section 4. And if the gas supply through penetration opening 2b 
etc. is suitably started while closing the gate etc. and operating a vacuum pump 6, ambient 
atmospheres, such as gas pressure in the plasma treatment space 5, will be in the possible condition 
of plasma generating soon. In addition, the amount of target power distributions of the power 
distribution control circuits 40-48 is hereafter explained as with initial value. 
[0036] Next, if the RF power source 12 is operated, a RF will be impressed to coils 21-24 through 
matching box 12a, and alternation electromagnetic field will be emitted from those coils 21-24. 
Moreover, although this electromagnetic field spread around each coils 21-24 and it is especially 
spread efficiently in the plasma treatment space 5 through the vacuum chamber covering device 3 of 
a high dielectric in this phase Since it cannot spread any more in the direction if it results in the 
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grounded metal rings 31-34 in that case, the electromagnetic field from each coils 21-24 are 
restricted in general to the applicable range across which it faced in the metal rings 31-34, and its 
extended range, respectively, and advance to the plasma treatment space 5. In this way, although it 
can say that potential line 14 grade, such as being generated to the plasma treatment space 5, is also 
uniform in general if it levels on the whole, it becomes the thing with which two or more pellets 
classified in the metal rings 31-34 were connected and which carried out **** unevenness (refer to 
drawing 2 (a)). 

[0037] And if gas is excited in the plasma treatment space 5 and the low-temperature plasma 15 is 
formed, the plasma will act on the front face of a processed material 1, and it will succeed in plasma 
treatment. If the RF power source 7 is also operated in that case, the ion in the low-temperature 
plasma 15 etc. will be accelerated towards the cathode section 4, and an anisotropy will join 
processing of a processed material 1. In addition, although it generates in one to one to each coils 21- 
24 and the plasma high concentration section 16 serves as an ununiformity locally, since the 
diffusing capacity is strong, the plasma 15 serves as equalized in general uniform distribution on a 
substrate. On the other hand, the relative magnitude of the plasma high concentration section 16 
made from each coils 21-24 always changes with change of the plasma property resulting from the 
quantity of gas flow under plasma treatment, change of a pressure or change of the processing 
conditions by recipe modification, change of the deposit which adhered to the chamber wall further, 
etc. This change worsens the plasma homogeneity on a substrate. Therefore, generating of unusual 
plasma plasma high concentration section 16a is not avoided according to the condition of the 
plasma (refer to drawing 2 (b)). 

[0038] A manifestation of unusual plasma high concentration section 16a increases the amount of 
power distributions of the close coil, for example, coil 21 grade. If it does so, that will be detected by 
the current detecting elements 41-44 and the feedback control section 40, and the wire-length variant 
parts 45-48 will be further controlled by the feedback control section 40 to negate the power 
fluctuation. And the potential line 14, such as extending to plasma high concentration section 16a, is 
become weaker and shortened, and other equipotential lines 14 become strong and ****** relatively 
(refer to drawing 2 (c)). Power distribution in each coils 21-24 are adjusted such. In this way, since it 
is extinguished promptly or the manifestation itself is controlled even if it discovers unusual plasma 
high concentration section 16a, the low-temperature plasma 15 of the plasma treatment space 5 is 
maintained at an always almost uniform distribution condition (refer to drawing 2 (d)). 
[0039] 

[The 2nd example] About the 2nd example of the plasma treatment equipment of this invention, the 
concrete configuration is quoted and a drawing is explained. Drawing 3 (a) is the verticval mimetic 
diagram of the body, and supports conventional drawing 9 (a) and drawing 1 (a) of the 1st example. 
Moreover, before long, drawing 3 (b) makes the surroundings of an inductive-coupling component 
slanting, and is a **** Fig. 

[0040] It is a point used as that by which the plasma generating space 52-54 was respectively formed 
in the place where the vacuum chamber covering device 3 which was a simple plate-like member 
was permuted in the plasma generating chamber section 50 and the anode section 51 at , and the 
metal rings 32-34 had it that this plasma treatment equipment is different from the thing of the 1st 
above-mentioned example ( refer to drawing 3 ) . Moreover, in connection with this, penetration 
opening 2b is abolished, instead the gas for plasma is divided into the gas for plasma generating, and 
raw gas, and, as for raw gas, the point which came to feed the gas for plasma generating into the 
vacuum chamber through the plasma generating chamber section 50 is also different through the 
anode section 51. 

[0041] The anode section 51 consists of a metal plate in which touch-down is possible, and while the 
free passage openings 52a and 53a of a large number which make the plasma generating space 52-54 
and the plasma treatment space 5 open for free passage etc. penetrate and are punched, much raw gas 
feed hopper 51a which carried out opening towards the plasma treatment space 5 is also formed 
(refer to drawing 3 (b)). As raw gas, the thing which made reactant gas, such as CF system gas and 
silane gas, mix the dilution gas of optimum dose is supplied. 

[0042] Although the plasma generating chamber 50 is made from insulating materials, such as a 
ceramic, the circular sulcus of plurality ( drawing 3 three pieces) used as the plasma generating space 
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52, 53, and 54 engraves this alignment with it, and it is been [ the chamber / it ] crowded and formed 
in this. And the plasma generating chamber 50 is fixed where the opening side (drawing of 
longitudinal section underside) of the plasma generating space 52-54 is stuck to the top face of the 
anode section 51. In that case, alignment is made so that opening of the plasma generating space 52- 

54 may lap with the free passage openings 52a and 53a of the anode section 51 etc. The plasma 
generating space 52-54 and the plasma treatment space 5 become what adjoined mutually and was 
open for free passage by this, and the plasma generating space 52-54 becomes what was prolonged 
in the line along the contact surface with the plasma treatment space 5 further. 

[0043] Moreover, the gas feeding ways 52b and 53b for plasma are too formed in annular and a line 
of the gas distribution member by which the plasma generating chamber 50 was attached in the back 
(drawing of longitudinal section upper part) at the pan of the plasma generating space 52-54. Both 
are opened for free passage by many pinholes, and the plasma generating space 52-54 generates the 
high density plasma 17 in response to supply of the gas for plasma generating from a pars basilaris 
ossis occipitalis (drawing of longitudinal section upper part), and is sending it into the plasma 
treatment space 5 through the free passage openings 52a and 53a etc. What does not react chemically 
with inactive [ of an argon etc. ] is used for the gas for plasma generating. 

[0044] Furthermore, as the plasma generating chamber 50 leaves the side attachment wall and pars 
basilaris ossis occipitalis surrounding the plasma generating space 52-54, the field (drawing of 
longitudinal section top face) of the flesh side by the side of the plasma generating space 52 - 54 
openings is shaved off. And coils 21-24 are stuffed there (refer to drawing 3 (b)). Thereby, the 
plasma generating space 52-54 serves as an extension of the plasma space 5 which extended among 
coils 21-24 (two or more inductive-coupling components). 

[0045] In addition, a permanent magnet 55 is also stuffed into the upper and lower sides of coils 21- 
24 in that case. Although these permanent magnets 55 are stuffed between these cardiac annular 
plasma generating space 52-54 and become too annular, in order to sever an annular induction 
current [****/ un-], they are divided and formed in the wafer. And the annular magnetic circuit 
corresponding to the plasma generating space 52-54 consists of that many permanent magnet pieces 

55 are installed successively in accordance with 52 to plasma generating space 54 side attachment 
wall. While the electron excited in the plasma generating space 52-54 stops into it, a collision is 
repeated, and the high density plasma 17 is generated in the plasma generating space 52-54 by 
existence of this magnetic circuit. 

[0046] About the plasma treatment equipment of this 2nd example, that activity mode and actuation 
are quoted and a drawing is explained, (a) shows the distribution condition of electromagnetic field, 
and (c) indicates the plasma and the distribution condition of electromagnetic field to be (b). 
[ drawing 4 ] [ the operating state ] [ a ** type ] 

[0047] Although alternation electromagnetic field will be emitted from the coils 21-24 with which 
the RF was impressed in the place where the ambient atmosphere in the plasma treatment space 5 
changed into the possible condition of plasma generating if the RF power source 12 is operated In 
this case, the electromagnetic field spread around each coils 21-24 have progress of the lengthwise 
direction turned to the plasma treatment space 5 by the grounded anode section 51 prevented, instead 
are efficiently spread in a longitudinal direction towards the plasma generating space 52-54. and 
potential line 14 grade, such as it being alike and being generated at the place of the plasma 
generating chamber section 50 until excitation formation of the plasma is carried out, - mutual - 
overlapping — about — it is distributed over Mr. one and reaches also in the plasma generating space 
52-54 (refer to drawing 4 (a)). 

[0048] If alternation electromagnetic field reach the plasma generating space 52-54, the gas for 
plasma generating in it will be excited, and the high density plasma 1 7 will occur (refer to drawing 4 
(b)). This high density plasma 17 has the high ratio of an ion kind component, and flows out of the 
plasma generating space 52-54 into the plasma treatment space 5 through the free passage openings 
52a and 53a etc. according to the expansion pressure force etc. And it is mixed with the raw gas in 
the plasma treatment space 5 etc., and becomes the low-temperature plasma 15. 
[0049] And if the high density plasma 17 is formed in the plasma generating space 52-54, since the 
electromagnetic field from coils 21-24 will be absorbed or reflected by the high density plasma 17 
and it cannot spread any more in the direction if the plasma generating space 52-54 is reached, it is 
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restricted to the applicable range divided in the plasma generating space 52-54, respectively, and 
dissociates mutually. In this way, although it can say that potential line 14 grade, such as being' 
generated to the plasma treatment space 5, is also still uniform in general if it levels on the whole, it 
becomes the thing with which two or more pellets classified in the plasma generating space 52-54 
ranked and which carried out **** unevenness (refer to drawing 4 (b)). 

[0050] And the plasma 15 in the plasma treatment space 5 acts on the front face of a processed 
material 1, and it succeeds in the plasma treatment according to a type of gas or the plasma state. If 
the RF power source 7 is also operated in that case, the ion in the low-temperature plasma 15 etc. 
will be accelerated towards the cathode section 4, and an anisotropy will join processing of a 
processed material 1. In addition, since the plasma 15 has the strong diffusing capacity, in the plasma 
treatment space 5 where the equipotential line 14 does not reach, it is mixed and equalized promptly 
and becomes in general uniform [ the density distribution ]. But as mentioned above, it is not 
avoided that are easy to produce a concentration difference to the high density plasma 1 7 generated 
in each generating space 52-54 according to the plasma property of changing every moment, during 
plasma treatment, the effect remains, and the local plasma high concentration section 16 occurs to 
the plasma treatment space 5 (refer to drawing 4 (b)). 

[0051] If a concentration difference arises to the high density plasma 17 of each plasma generating 
space 52-54 so greatly that the plasma high concentration section 16 is discovered, the amount of 
power distributions of the close coil, for example, coil 22 grade, will increase. If it does so, that will 
be detected by the current detecting elements 41-44 and the feedback control section 40, and the 
wire-length variant parts 45-48 will be further controlled by the feedback control section 40 to 
negate the power fluctuation. And the potential line 14, such as extending to plasma generating space 
52 grade close to the plasma high concentration section 16, is become weaker and shortened, and 
distribution supply of the power is carried out to each coils 21-24 so that other equipotential lines 14 
may become strong and ****** relatively (refer to drawing 4 (c)). In this way, since it is 
extinguished promptly or the manifestation itself is controlled even if it discovers the plasma high 
concentration section 16, the low-temperature plasma 15 of the plasma treatment space 5 is 
maintained at an always almost uniform distribution condition (refer to drawing 4 (c)). 
[0052] 

[The 1st modification] Some more concrete examples of a configuration are described about the 
power adjustable means of the power adjustment device in the plasma treatment equipment of this 
invention. <A HREF='VTokujitu/tjitemdrw.ipdl?N0000=239&N0500==l 

E_N/;>=?:7=69///&N0001=129&N0552=9&N 0553= 000007" TARGET-"tjitemdrw"> drawing 5 
Spring section 45a inserted in the line of the high frequency from matching box 12a to [ the wire- 
length variant part 45 shown in (a) carries out adjustable / of the power distributed to a coil 22 /, 
and ] a coil 22, Adjustable [ of the inductance of spring section 45a ] is carried out because have 
actuator 45z to which the movable arm of the couple connected with the ends of spring section 45 a is 
moved and actuator 45z changes the distance between movable arms according to control of the 
feedback control section 40. 

[0053] In order that the wire-length variant part 45 shown in drawing 5 (b) may carry out adjustable 
[ of the power too distributed to a coil 22 ] Rod 45b of the good conductor on which it is inserted in 
the line of the RF from matching box 12a to a coil 22, an end is connected to one side of the line, and 
an other end side slides with another side of the line, It has actuator 45y which makes rod 45b move, 
and adjustable [ of the inductance in the line of a RF ] is carried out by actuator 45y changing the 
location of rod 45b according to control of the feedback control section 40, and changing the 
effective length of rod 45b. 

[0054] Wiring bobbin 45 w inserted in the line of high frequency with the wire-length variant part 45 
from matching box 12a to [ in the line ] a coil 22 shown in drawing 5 (c), It has actuator 45x which 
rotate wiring bobbin 45w while securing the contact pressure of wiring bobbin 45w and a high 
frequency line. Adjustable [ of the inductance in the line of a RF ] is carried out by changing the die 
length of line partial 45c which actuator 45x changed the amount of winding of wiring bobbin 45 w 
according to control of the feedback control section 40, and it let out. 

[0055] 45d of spiral spring-like wiring sections inserted in the line of a RF with the wire-length 
variant part 45 from matching box 12a to [ in the line ] a coil 22 shown in drawing 5 (d), It has 
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pivotable actuator 45v. both directions by which the revolving shaft was connected with the main 
edge of 45d of spiral spring-like wiring sections — Adjustable [ of the inductance of the line of a RF ] 
is carried out by changing the volume condition whose actuator 45v is 45d of spiral spring-like 
wiring sections according to control of the feedback control section 40. 
[0056] The wire-length variant part 45 shown in drawing 5 (e) makes magnet 45u, such as an 
electromagnet which extends line of magnetic flux, or a permanent magnet, reciprocate according to 
control of the feedback control section 40 even to line 45c of a RF from matching box 12a to a coil 
22, and adjustable [ of the inductance of the line 45c part in the line of a RF ] is carried out by 
changing the magnetic field strength of the circumference of line 45c by this. 

[0057] 45 f of two or more branch lines with which the wire-length variant part 45 shown in drawing 
5 (f) is inserted in the line of the RF from matching box 12a to a coil 22, and die length differs, It has 
switch 45 1 changed so that any one of 45 f of the branch lines may be connected to a high frequency 
line. Adjustable [ of the inductance of the line of a RF ] is carried out by changing a switch 45t 
connection place according to control of the feedback control section 40, and changing the wire 
length of the place of 45 f of branch lines. 

[0058] The wire-length variant part 45 shown in drawing 5 (g) While having bridge 45 s of the good 
conductor which is inserted in 45g of cutting parts of the RF line from matching box 12a to a coil 22, 
and slides with while an end side is 45g of the line cutting part, another side whose other end side it 
slides and is 45g of the line cutting part 45g of cutting parts of a RF line is mostly maintained at 
parallel, and adjustable [ of the effective length and the inductance in a line of a RF ] is carried out 
by carrying out both-way migration of the bridge 45s along with 45g of cutting parts according to 
control of the feedback control section 40 in the condition. 
[0059] 

[The 2nd modification] The more concrete example of a configuration is described about the current 
detection means of the power adjustment device in the plasma treatment equipment of this invention. 
The current detecting element 42 shown in drawing 6 is the part prepared to the RF line to a coil 22 
among power distribution condition detection means to detect the distribution condition about the 
power supplied to plasma space (5, 52-54). 

[0060] This current detecting element 42 cuts the line of a RF which it is formed in band-like by 
copper foil etc., and connects matching box 12a and the wire-length variant part 45, is making 
insertion connection of the core-wire 42a which consists of copper wire etc. there, and is inserted in 
the line of a RF. The core-wire 42a is covered by pre-insulation 42b, and it is equipped with it so that 
pick-up-coil 42c which rounded off the coil still more nearly annularly may surround core-wire 42a 
and pre-insulation 42b on the occasion of the insertion. The ends of pick-up-coil 42c are connected 
to a big high-tension probe 42d [ of input resistance ] input, and the high-tension probe 42d output is 
sent to proper oscilloscope 42e for monitors, or the feedback control section 40. 
[0061] The current distributed to the RF line from the RF power source 12 to a coil 22 by this is 
detected. The same is said of other RF lines. Moreover, although the graphic display was omitted, it 
is connecting the same probe as high-tension probe 42d to core-wire 42a or the RF line before and 
behind that, and the voltage waveform of the RF distributed to the applicable line is detected. And 
both phase contrast becomes clear from a current wave form and a voltage waveform. Thereby, the 
power distributed to each coils 21-24 is detectable to accuracy. 
[0062] 

[Effect of Example(s)] Drawing 7 is a graph which shows the measurement result about the 
equipment for the processed material 1 with a diameter of 300mm, in order to compare the 
distribution condition of the ion current, it takes the distance from the central point on an axis of 
abscissa, and the value of standard of the ion current is taken and shown on an axis of ordinate. The 
ion current inserted and measured the probe in the plasma treatment space 5, and it standardized it so 
that maximum might be set to "1." The output power of the RF power source 12 at the time of 
measurement was 2250W, the flow rate of the argon used for the gas for plasma generating was 
400sccm(s), and gas pressure was 30mTorr(s). In addition, lTorr is about 133 pascals and lsccm is 
about 1.67x10 to 8 cubic meters per second (gas: reference condition). Compared with the case (refer 
to broken-line graph) where entropy of electromagnetic-field distribution is attained, the uniformity 
coefficient in the distribution condition of the ion current is improving by having adjusted power 
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distribution you to be Haruka (refer to continuous-line graph). " - 

[0063] Moreover, drawing 8 is the distribution map of an etching rate, and it is measured in order to 
check the effect change of gas pressure affects the homogeneity of an etching rate. The distance from 
the central point is taken on an axis of abscissa, and the etching rate in each part of a processed 
material 1 is shown on an axis of ordinate. The unit of an axis of abscissa is mm and the unit of an 
axis of ordinate is a part for angstrom/. The output power of the RF power source 12 at the time of 
measurement was 2250W, the flow rate of the argon used for the gas for plasma generating was 
400sccm(s), and the flow rate of the carbon fluoride used for raw gas was 20sccm(s). Etching rate 
distribution (graph C) in case etching rate distribution (graph B) in case etching rate distribution 
(graph A) in case gas pressure is 30mTorr(s), and gas pressure are 50mTorr(s), and gas pressure are 
80mTorr(s), and all show the good uniformity coefficient. 
[0064] 

[Effect of the Invention] Since the controllability for every part to electromagnetic-field distribution 
improves and the plasma density distribution of plasma space becomes uniform by having mitigated 
the mutual intervention of two or more inductive-coupling components, and having raised the 
independence if it is in the plasma treatment equipment of the 1st solution means of this invention so 
that clearly from the above explanation, there is advantageous effectiveness that homogeneous good 
plasma treatment equipment was realizable. 

[0065] Moreover, if it is in the plasma treatment equipment of the 2nd solution means of this 
invention, the advantageous effectiveness that plasma treatment equipment also with sufficient 
energy efficiency was realizable in addition to homogeneity is done so by having made it the plasma 
supplied, without wasting the power impressed to the inductive-coupling component with a mutual- 
intervention relief means. 

[0066] Furthermore, if it is in the plasma treatment equipment of the 3rd solution means of this 
invention, and the 4th solution means, there is advantageous effectiveness that homogeneous good 
plasma treatment equipment was always realizable, by feedback control's starting the power to each 
inductive-coupling component, and having offset and eased fluctuation of a local plasma 
consistency. 

[0067] Moreover, if it is in the plasma treatment equipment of the 5th solution means of this 
invention, even if it does not use a variable capacitor, the power to each inductive-coupling 
component can be adjusted. 

[0068] Moreover, if it is in the plasma treatment equipment of the 6th solution means of this 
invention, fluctuation of the plasma state is indirectly [ directly or ] detectable. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] About the 1st example of the plasma treatment equipment of this invention, it is the 
mimetic diagram of the longitudinal section of the body. 
[Drawing 2] It is the explanatory view of the operating state. 

[Drawing 3] About the 2nd example of the plasma treatment equipment of this invention, it is the 

mimetic diagram of the longitudinal section of the body. 

[Drawing 4] It is the explanatory view of the operating state. 

[Drawing 5] It is the concrete modification of a power adjustable means. 

[Drawing 6] It is the example of a current detection means. 

[Drawing 7] It is the distribution map of the ion current. 

[Drawing 8] It is the distribution map of an etching rate. 

[Drawing 9] It is the verticval mimetic diagram and operating state explanatory view of equipment 

conventionally. 

[Description of Notations] 

1 Processed Material (Plasma Treatment Object) 

2 Vacuum Chamber Body Section (Vacuum Chamber) 
2a Penetration opening (raw gas feed hopper) 

2b Penetration opening (exhaust air attraction opening) 

3 Vacuum Chamber Covering Device (Vacuum Chamber) 

4 Cathode Section (Installation Base, Processed Material ******, Processed Material Support 
Electrode) 

4a Support 

5 Plasma Treatment Space (Plasma Space) 

6 Vacuum Pump 

7 RF Power Source (RF Generator) 
7a Blocking capacitor 

10 Coil Unit (Antenna Unit) 

1 1 Coil (Antenna) 

12 RF Power Source (RF Generator, Electric Power Supply Means) 
12a Matching box (electric power supply means) 

13 Variable Capacitor (Current Adjustment Means) 

14 Equipotential Line 

15 Low-temperature Plasma 

16 Plasma High Concentration Section 

17 High Density Plasma 

20 Coil Unit (Antenna Unit) 

21, 22, 23, 24 Coil (an antenna, inductive-coupling component) 

31, 32, 33, 34 Metal ring (touch-down a conductor, a mutual- intervention relief means) 

40 Feedback Control Section (the Amount Operation Means of Distributions, Power Adjustment 

Device) 

41, 42, 43, 44 Current detecting element (power distribution condition detection, power adjustment 
device) 
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45, 46, 47, 48 Wire-length variant part (a power adjustable means, power adjustment device) 

50 Plasma Generating Chamber Section (Vacuum Chamber) 

5 1 Anode Section (Counterelectrode) 
51a Raw gas feed hopper 

52, 53, 54 Plasma generating space (a plasma space escape, mutual-intervention relief) 
52a, 53a Free passage opening (free passage way) 
52b, 53b Gas feeding way for plasma 

55 Permanent Magnet (Magnetic Member of Magnetic Circuit for Plasma Confinement) 
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DRAWINGS 



[Drawing 6] 
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[Drawing 7] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 9] 
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[0013] [S? 2 <7>fl?*#^] SB 2 cOft?»:#©<D^7 
ISt-TSo 50 
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[0 0 14] Z\<0£ ?KWi2(DM8i:^%>(D7'7 XT%im 
gigfCfooTf*. ^jE^e^M&l-ft^T^X^ 

14, -tW7°7XV^P^Wtt?ga5(C*D^T7°7XV{iKl|X 

fcJ:*Uit\ *S-tt(-J!)Px.T3i^/i-=¥-a*t>^^7 P 7X 
■v & gg£g£ Hat 5 - i T- # 5 „ 
[0015] [13 (Df&fc^Wi] % 3 roftKfe^fSWT'^ 

x-rvmmm-t. l m«is*n©ifi#*3i;:iEtt0>*n 

[0016] [JB 4 «J»*#a] M 4 C0§ftfSW7'7 
<) , ±iew^3W«?^g:c07 P 7X-7*n ; a^gT**>o 

^Wi-S^^xm^coi^S^tf 5 troths. 
[0017] 5 3, |4©Sft¥gB/7X 

So 

[0 0 18] rix{c:J:9, ^^W^^^X^^Sco^Sj 
U-t^'SSi^ffi^ • Mfa1-% X 0 \c*ti^ti(D k r 

fci5**&-ct>, fit*{c:^7X-^ro-«H4^«S«$tt 

[0019] [^5 C0^#S] m 5 <F>f$&z^-WL<?)~7 V 
<) , ±lB<omi~^4c7)«¥^:#S<oy7X-^«ia^g 

[0 0 2 0] Z.<T>&0t£%5(T>m'fc^-?k<O-77X'*®M 

[0021] cm 6 (DMfcmm'i m 6 (om^wtn-yy 
x-v^aaiigtt (, msi^iJ]roft*^6(ciE«(o$o 



( 4 ) 

5 

X. ttK«*$HE#tt*ai#«H:, witmm&^^J^ 

tzh<ox&>z> 0 

[0 0 2 2] r (Oct 5 4* 6 ^ft^ao^^ j&i 

x-v i^s^gp t »#»^*^ t <D^m<Dmmz ± 5 # 

T*#5o 20 
[0 0 2 3] 

**>»«S\ KTW*1, *2SI*«*3<fct5SfSi, 3&2 

MHt* ±att>JSl, 13, *4#**«**3MfcLfcfc 
Wfc^ H3ftWH4K*bfcJB2j|JIS««:, 
12, fg3, l4»ft¥MMftttt(Dtfc^ m 
5K*Lt*l»Sfll4, ±J6^IB5»ft^aS:*»{b 

6 LfcfciDT* 5. 

[0024] 

5. Hi (a) II, *o±K*^W»rK««H-e*0, 

se^feroia 9 (a) d#iSLtv^^ 0 mi (b) 

[0 0 2 5] rO/^X-rteliilj: (Ell (a) # 
HR) > tt*WI*t^ ^9X-effinB5 0»rilS*tfcKsfif 40 

- r >-y^^2^t) ; *^^-W^^gR3 (K^-Y^ 

rcoX^-r vx<^#i8:Sixfc3^/u2 1-2 

ft:^2C0Silq 2 a ^S^ti^X^v/e ft 4f tte 
[0 0 2 6] rftteitU 3^;U2 1- 2 4(?)raii:^^ 50 
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/i^yy^3 1-34 (ffiSTSMS**®) 3JSK*tbttT 
(HIl (a) RZf (b) #fia) , RFlSl 2 

^?>3>f/v2 1-2 4«cs*i*iJii«[«>9>f ^icsstLprae 
3 1 3 \z.ft^xtt&migmm& 4 0 - 4 s 

(•A»S#a) ^%A$tbT^6^T' (mi (a) # 
fig) > ^*^tiifti-^o ^^f;U2 i-24fi, m 

[0 0 2 7] r. (7)^9 X-e#lJ13£Bte, S^Iffi?^^ 

•«W^*$tti»^o^TRWi-4 (mi (b) 
0m) o K£^V/<*#«B2ti:, ^7X^811^5 

con^/W2 l -2 4*^i£ffi£;ftfc£#m^#£^>' 
[0 0 2 8] #y— KSlUfi, Bffico«t6t>«p^-frSfc 
Zkkhlz&M&mhMZtiZo SS^y^eft &B 

^^fflV^^ 0 ft**, K^^-V>'^'<*ff§(5 2 60Mil 
P 2 a *^LT^9X^ffl ! affilB5^«l&$*b4ffl ! a*' 

*<z>*R^*a^**fcfc<o^tt*&S*u5<t 5^ft 

[0029] RF«aa7fi, ^^x^iOfSoM^tt^ag 

— ^"51^00 too XtbV, SSS4 0 0KHz-20MH 

H»5MHz~5 1 0 MHz t SttS ^ t * S #V\ 

i«*f«)fc»CRFi«l 2KftStUTKlte>*t5i^ 
RF«jEa 2^??3^;U2 1-2 4fcS5i*JBtt<Z>9>f 

[0030] ^^^2 1-2 411 -t^HStCg^liJPi- 
5Sl©Rtt3>fWJ)!), 3^;^ 7 F2 0rttfl 

WfrhM&7*>'<M&3\zm&£ti%£i\zte^x^ 

Z>o ^^uyy^3i-34tt (mi (b) #UB) , fpj 
0, «tt*/h**S**i!5*tt«fa*LV^«tt#: • 
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fc»j*£ftfcfc0>'Ca>So ^/V!)y^3 1lj:3>f^2 

1 J: < Six, ^^vy^3 2©ltt3^;v2 
1, 2 2 0^p B 1t £ix, ^;i/!)y/3 3©ltt3^;i/ 

2 2, 2 3<0^^ir^tt, ^A-y ^3 4COatt = -f 
;U2 3, 2 4<7?4>rat Six, Ztlfftl^'f /^—V h 2 
0— CO$l*^^LT=3-r/l-2 1 — 2 4<7>ra^ ^SMff A 

[0 0 3 1 ] «;fc#Effl«l|SK4 0-4 8tt (HI 
(a) #BB) % #3-fyU2 1-2 4 K#E£ix5«*Sr 

^{c, ^^X^^l5^tt*&Sixyh«^^o^T605>E 
«t««r«ai-*««*W»4 1-4 4 (tt*4}Ettttlfe 

»«4 0 (tt*^E*i»J|£^a) ^CO^tiiffl^o 
T*3>f^2 1-2 4^«*«rpr*-f«B»*FrK» 

Ettffi&fcttii-Sirtfcfc:* *<DfcfflfcS<5^T«;fc(0 

[0 0 3 2] «SK4fttti8B4 1-4 4f2 x «^JR2SE«« 20 
^W-T^t?)^\ RF^Jgl 2^b-^y^^^*sx 
1 2 a ^gT^-T/W2 1 — 2 4 (C^5-tiX-?fiX(7>5 

fflL-C»5MPj*»4 0teajBii-«J:5K*oTV^5 Q IB 
J**pI*«4 5-4 8i*, t^Il»«^tf$l 

-tn-PiX«SE»ffl»4 1—4 4(OK«9>f 
»L-CMltbix, flT*t<>, KS5>f^^?^ 
t«*5r £ -CAES ^©*«*5 J:t5«ffi*r FT*i-« 

**ta»4 4©9-f ^!Cl»i-5EI»*Rr*«B4 8tt«« 

[0 0 3 3] ffl&MfflflU Of*, -r-f * n^oir^l^ 
OWJ|C|glK« KMWEIK^bftO, ^A^i/^Acoig^ 

cop I D««i*a*S:**A*UT*5 9, rixKicfco 

t\ ttttfti^ «*tftia*B4 1-4 4 3&*fe-to«at»u 

ttS:A;*rr 5 iritis *<o*fflttfcS<5#*(Ol*jS-C 40 
<a«##Elfctt«:l«J£U #^^yu2 l-2 4(C*fi--5 
iBffl*l««*»Eft^e>Oi-ix*Sr»fflU, rcojltfcj 
ffiKJfc CtE«* pT*«B 4 5-4 8 coKSftffiiJftiSrtT 5 <fc 
5l-*oTV^6. ft**, B««*#E*tt* & = 4/V2 
1 - 2 4 75^^7X^&affiPa5^fflSix5«^Offi 

[0 0 3 4] Hife^^^^x-v-^i^gtcov^ 
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(«) itf (c) as««#w#*frtttt«r*U (b) & 
V (d) is^?X7©d*««tSt, 
[0 0 3 5] «*0ia% 1 1^9 X-v^aSriS-rtc:^, 5fc 

(2 + 3) rtClAU^y- K«B4-bfc* 

tfcK:* Jtiln 2 b^t^^ftf^^ 

So **3, «^^E«mwiB]K4 o-4 8«)inMe 

[0 0 3 6] HklZ, RFfijg" 1 2Srf^i$*5t % * 
^>^3^5/^^ 12a ^Lt =3-fyU2 1 — 24 fclRJS 

SWSHMra^ix. ^eix^co=3-</w2 l — 2 4?5^^#fl;^ 
JMS38*feit5 0 Sfc, :(Dg^rii, rco®&#te, 

cOK^^-T V/^SSP 3 Srtf* LT^7XvMaPfl 5 
8b*A<ei(RSixS^ -togR, S6flfiSixfc^^/uy ^ 

^3 1-3 4\cm%t^<DXfa{a^tl&±fcffliLsX.te 
V^CDT% =&3^;U2 1 — 2 AfrtbcoWMftlttti^ln* 
f/uy 1-3 4-C»*ixfcttStSH*5J:tf-l:^ffi 

So :Ht, /yX^iaisci^fMi 
4*tt, LT*ixtf»a—*i: tSiSa*. 

^^;Hiy^31-3 4T*E55-Sixfc1S^/h»^ig^ 
ofcJOtiilMIUfcfccOtC^S (El 2 (a) o 
[0 0 3 7] -t It, ^9X^«.a2BIB5rt-e^3flSB 

ixSo RFlS7t«^t6^, ISi^5X 

1 5 ^(D^i nr^fr* y- k«4 Krft^rjpsssix 

T, ^^lcO^^^*'tt^*P^So **>\ 7 P 7X 
-^i«*ftSBl 6f2, #=3-T/U2 1 — 2 4f£*tL— S*— C 

*t»**3js»v^-e, »S±-Cf4¥lWk*ixfc«Eia-« 

4M^45o #3^;W2 l-2 4T^bixS^ P 

7X-7IMS5 1 6^ffi»Wfc*:# Sfi, 7 P 7Xv&l 

rSo -<75*fttt, Sfi±t^7 p 7X-7^-i4S:iftJ 

iirSo ffiot, ^xv^fja^ M47 p 7Xv 

^5X^K||«J1 6 a feixfcv^ (0 2 

(b) #RS) 0 

[0 0 3 8] »#*^5X^H«ae«B 1 6 a #3&t+Z 
t\ *0Pil]ifi03>fyu«x.tf3>r^2 l^com^^Eft 

4 4St/ilfat»J^^4 0{dJ:oT^*a$ix, * 
©«*«»*r*r , felH-*-a:5K:EII«Rr*»4 5-4 8^ 
JHH1S!HIP«4 O^J:oT»J«i5ixSo 7 P 7Xv 



( 6 ) 
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2 (c) #1) o *Wi5l:#3'1'^2 1- 2 4^8 

5 (0 2 (d) #HR) o 
[0 0 3 9] 

5o 0 3 (a) 14, *^±B«<0«lfB«aH"e*>9, 

t£*<£>0 9 (a) Axfmmmmnmi u> 

-Cl^5 0 13 (b) (4, ^c0 5*>, RSMS^** 

[0 0 4 0] r.<7>^5X^«La»«^±J*©JBi36J6« 

-KaSlTfi^nt, ^^;HJ 2 — 3 4<7)fiE 

^tztZ.^\a^^^y^m^.^m5 2-5 4 7^J& 20 

rixic^oT, Mil n 2 b Srggit U ^(DftfrflK:^ 

[0 0 4 1 ] r;-K»51fl, SSflfiRltB* &JR4E«# 
/7 Xv»4$BJ 5 2 - 5 4 J: 7^7 
£P*15 ££Igil£^6^m<7>igiiP 5 2 a, 5 3a^ 
jriiLT£?L$*L5 4:£ tic, X7XvM^l5^ 30 
ttTHP Lfc«LS^^#t*&n 5 1 a b&BC&tiLtStlX\f* 
Z> (@3 (b) #BB) o j&i^tim CF^ 

[0 0 4 2] y7XVMf t V<5 0(4, ir ^ ^ y ^ 
P«l5 2, 5 3, 5 4 t45*ft (H3"Cf4 3fl) <£>gt#t 

«3ftsra^ic«5a*jxT»fie*jx*. ^tt, ^7^ 

3S£^>'^5 0f4 > 7 P 7X-7M^15 2 — 5 4<Dm 
Pfi'J (ttWfffiHTttTffi) SrTy— K»5 lOiffifc* 40 

2-54 <E>HS? P y — KSG 5 1 coigii P 5 2 a , 53 

9 , /7 Pfl 5 2 - 5 4 i 7 P 7 Xv&l^ Pfl 5 

i^sv>^g*^LE.o*iibfcfc60i:* l 9, £ fete:, X 
7X7«tSB5 2-5 4 7^X9 X^*^^ 5 t<Dm 

[0 0 4 3] *fc, 7 9 7XvMft^5 0lt X9 
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M5 2b, 5 3 b J&S-^tt 9 HtJR • «ltt(-?fM$tb, 

5 2-5 4(4j&g|5 (tt*BBH"eH:±*) *>E>^?^» 
^ffl^oflMftfcSttrWttft^^X^ l 7£3l££i±- 

34iiP 5 2 a, 5 3 a^tltX^X^ias^ 
^rtiSr^^ii^fc^t^oTV^o ^7XtM^ 

[0 0 4 4] £fetc, /7Xv56tft^5 0lt X 
7X-7I4^15 2-5 4*:HtHM«i:JSflBi«r»i-J: 

9^tt7 P 7X-7MSF|5 2-5 4fSP«iJCDR<£>ffi 
(«WrBSia-Ctt±SS) jWMOStfeita. -t L"C, 
Id, n^/U2 1 — 2 4/^fg#>i££n& (03 (b) # 
m o rixtCctt), ^?X-78taiB5 2-5 414, = 
-OV2 1-2 4 (*«<OR3Hfe^*^) ^MKS£tffcX 

[0 0 4 5] 7i*3, -^K^ =3>T^2 1 — 2 4 <£>_hTK: 
f4, *^8S^5 5 fclS*ii*ttS 0 me><^*^«^5 
5 *4, ra'tai*<0^7 X^$8££M 5 2-5 4 [fflte:8Stf> 

^<^*^a^>t5 S^T'^XvMgf^ 2-5 4il 
Kfe^XWWtZftZ^tX, ^yXvitSFlS 2-5 

4i:mi/:a^iS[H]K«^6 0 rco^miHi 

X9X^$8±2gPfl5 2-5 4rttdfl5**7 p 7X-r 17^ 
[0 0 4 6] ^(DS2SISfe^J<D7 9 9X-^«L^e(COV^ 

(a) #*«J|UD##:R»fc*U (b) t (c) 

[0 0 4 7] X-^MIS P.1 5 (O^I^^/y XV 

£#««IWs«itfe*b?>d^ r<^#-&, #3^2 1- 
2 4(&raHfce»£;h,fc«fcjm, S*^try-K 
§P5 i^±or^9X^«iaffiiiB5^*tfc«*rRi<oifi 

tTSrPfiJtStt. ^^91^7X^4^5 2-5 
4^ffijltT**[6]»C«i*A<e«i-S. ^LT, 7 P 7X 

0Ot^5C(u4i:§$lftl|l4§lt SWcS&S 

^otl^MCMU 7 P 7X-7MSRl5 2-5 4 
rtKlfcX-S (0 4 (a) o 
[0 0 4 8] ^7 X-^$B££Pfl 5 2-5 4 M3£#®B£# 

&R&bs z<D*<D77x-*96&mtfx&mm&tix* 

m&Bt77X-rl 7ti*&±'tZ> (0 4 (b) #fla) o r 
MJE^^l: J; o 1 7 P 7 xv^i^ ffl 5 2-5 4^bii 



( 7 ) 
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ilP5 2a, 5 3 a ^^St/yX-rM^ 5— %ttl 

&&tlX* «y7Xvl5^^^ 0 

[0 0 4 9] -tLT, ^X^££P^5 
M^XvneM^^ 3^2 1- 2 4^ 
bcoiSBMKl *«S^5Xv l 7fcJ:o-C»iK*fctt 

y>=, X^m^m 5 2-54 -Cftffl fcixfcRMSflSHKfH 

5 2-5 4^E»Snfc**^/h»^*^«»#iai!flL 
fct><o«cft5 (H4 (b) o 
[0 0 5 0] -t It, ^7 fea^ 5 [^0^7 X-7 
1 5 ^ftAltt 1 <D*B icff ffl Lt Xv« 

OT\ 4 0^ii^V>^ , ^X^*n ; a^^5P^-e 

2-5 4-C4fiK**t6i*i««7 f 5X-^ 1 7fc»**j8*£ 
(0 4 (b) #f!8) o 

[0 0 5 1 ] -frX^mWk&tii 6^55mi"S^if*:# 

< #:X^ X^«tSK 5 2 — 54 ^f^^S^^ X-v 1 7 30 
D 5 & , * oMffitf) =i -f yu«x. tf a /u 2 

mmmmi® 41-44 Ritmmmmt® 4ocj:o x&*n 

^g&4 5-4 8*SWS»J«lg|S4 0fcJ:oTIWWSil6. 

tit, ^x^aawetti efciBiEft^jx-rata 
n 5 2*^5*waii 4#n*ori* 9 , 

4^»*oT3B9lU-rJ:5^ (14 

(c) #fl8) , #3^/U2 1-2 4^t^»E«»S 
tL& 0 r^LT, ^X-rffiaftSBl 6(1 Mttfc 40 

<DT% /7 Xvfeia p H l 5 Ofii7 P 7 X-7 1 5 li, 1% 
Ktf-«*»#«tt»c:«fcix5 (8 4 (c) » 

AS) o 

[0 0 5 2] 

SrftojMfi^S. (2 5 (a) fc* LfcEi»*^rSEtt4 5 

fl 3^;U2 2KE^Six5«**rRraSi"* 1 b^"t?*) 

9, ^j/f 1 2 a^5)3^yU2 50 
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mi&CD?^ Vfc^#£itfc'<*»4 5 a /<*«4 5 

W4 5z^Mt, »J»W«HB5 4 OOMW^ttoT 

^6B4 5 a<D4 * >X&*f&£tlZ>& 5fc*o 

[0 0 5 3] [H 5 (b) K*LfcElft*nrK»4 5 11 
^(29 a-f ^2 2fcE#£;h,*«**^*i-5fc*K:, 
-vy^jftfyf* 12a^b^^^2 2fc^5i65Jai£ 

tt^**o9>f voift*i»»rsA»#^P2y K4 
5bt, K4 5 bSritiS*^r5K»lffl4 SytSr^: 
»»»JWtt4 0(D#J»K|ieoTK»»4 5 yjftSD 
2/ K4 5 b^fit«X.TP s> K4 5 b<7)*nafi$S:£ 

[0 0 5 41 i5 (c) fc*bfcE**«r*»4 5fl 
vyfy^S/^^ 1 2a^3^^2 2^^5SJa« 
(O^-f Wc^#StufcEj|»3RtfV4 5w£, Elft^tr^ 

Elft#tr^4 5 w£r@te£i2r5ge»a54 5 x ir^Ax. 
iffil©J#PS$4 0<7)SiJIHl{^^o-CIB»«5 4 5 x^Eitft 

zk^>-4 5 wnmmm&mTLxztifrbmy mztitz? 

So 

[0 0 5 5] IH 5 (d) fc*UfcEJ»*«r**B4 5tt, 
vyfy^#7^^ 12a^Pj3^^2 2 f£^6ffij^j£ 
^9>f ^tc^Jf Sixfc-Sv-^>ftfcEI6Si54 5 d -tfv 
■^>TttEit»«fB4 5 d(0^^ffi(c|E]te#^a^$nfc^ 
lRjEte^rtB*K»eB4 5 v^MT, W»#J«iSR4 0 

(z>»j«ifcao-cB»«B4 5 v^if>^^mmu4 5 a 

[0 0 5 6] HI 5 (e) fc*bfcE*fc*"5r*»4 5(1 
-W^ff^y*?* 12a^e>3^7U2 2 {^Z^mfc 

coy 4^4 5 cfc*-e«**|Sriitfi"««5*fctt*^ 

tt^ott7 4 5 ufrwaffitt*is4 oo»j«iKaora 

a»$^r, rni:iot7^y4 5cHD©I#jSSS: 
/ 2ft:^^Sr.^T'^il^O^^>{c4ott57^^4 5 c 

[0 0 5 7] 0 5 (f) K*LfcEi**'sr3E«B4 5(1 
•vyflsifiRy** 12a^b3^^2 2 KSSSSJISE 
07-< ^fc^#**t*SO**«1K*©»«B»4 5 f 

fc, #tfg££4 5 f ofpjn^^ — ^iftWSE^^v^SsiBlES 
ix^ <t oKWvmZ-hinZ** yf-4 5 t ^r^^^T, 
»S*JW»4 0OffiiJ«itc:^oT^>f 5/^-4 5 tcoS^5t 
Sr^^T^HS^4 5 f ^i:^^>OE^SS:^k$it5r 
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[0 0 5 8] El 5 (g) K^LfcEiRft^raSBU 5tt, 
-^y^^^Tjfy^^ 12a^?)3^/i/2 2 {C^6r^JSi& 
7>f ^€0Br»#4 5 gte^# S*t— ««3J**09W v 

£l$#4 5 g(Di*tjBit5A»#©^9 yi?4 5 s £ 

spfTteft*,, t^tti-ef HMM4 o©*»^feot 

^yy^4 5s *:«3Wr»5)'4 5 g fc»o Ttt«^ib^^r 
^ v^*S"sraE*ix5«J: 5l:ftotv^ 0 10 

[0 0 5 9] 

Srizil^So IH6|c*Ufc«8IEtftHHfB4 2tt, T^X-^ 
PpI (5, 5 2-5 4) ^W*&Si^fc«*^cov^■C^E 

[0 0 6 0] r<o««g*ai»4 2tt, ««*-c»ttic:» 

1 2 a i:Ej»S«r**BJ4 5 t 

5^*4 2 aSrifA»tt"t-5r ^M<7)7^>(: 
tfif $*l£ 0 <t<D£>|ft4 2 a(j:iWl4 2 btit)tl 

y^T^^/H 2 c»i4 2 aXtf*fel8««4 2 
b £&9#< i 5(C^«^tt5o VytTy-f^jAsA 

2 chaste, A*»»t<o*:#fti««E^o— ^4 2 d 

4 o^^^n^o 

[0 0 6 1] wttfC.ti9, RFWKl 2^&a^;V2 2 30 

fLfc#, i^mJE^ci-^4 2 dRI«^ci-^S:itjH 
4 2 aXf4*om»o*»tt9>f £T\ 

5 0 tit, ««*»i«ffi««i:^&IW#ott*i3l^ 
¥U9l1-So r*UwJ:0, # = >r/U2 i-*2 4K#E£ix 

[0 0 6 2] 

[^JS0iicO^m] B7lt il3 0 0mmO«l^l 40 

ft 6 <t 5KJa«HfcLfc 0 »IJS«F^*5^5RF«ail 2co 
ffl^7-|i2 2 5 0Wtfc!9, ^^XvMI^C 

L^T^^VCDSES^ 4 0 0 s c c mtfc 9 , 
Eli3 0mTorrtfco/: 0 1 T o r r lift 1 

3 3/^i7/K'$)^ IsccmMl. 6 7X10" 8 50 
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flB) o 

[0 0 6 3] BI8«, lyfy^U- hO^EI 

5 0 9j^^w*3JtsRFa;agi 2<Dmj3'* x ?—&2 2 5 

gfg*^4 0 0 s c cmT*fc9, 4&aWf*l::fl!V^fc7 yft 
RS«i«20sccmtfoof: 0 ^E^30mT 
or notS^xyfy^u-hM (^9:7 a) , # 

XEEfc 5 0 mT o r r <D t # <D=^ y *fl/tf 
{V^yB) , ^^/E^8 OmT o r r <D b % (O y 

[0 0 6 4] 

^Il^ft^7 P 7X-7j(!iIiI|c:fooTlt «ft 
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